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Description

BACKGROUND

[0001] Myeloablative chemotherapy is an accepted
therapy for many hematologic malignancies including
multiple myeloma albeit with minimal evidence of long-
term cures. However, the myeloablative therapy also pro-
vides an ideal platform for the superimposition of im-
mune-based therapies. Specifically, the lymphopenia re-
sulting from high dose chemotherapy facilitates homeo-
static lymphocytic proliferation, eliminates tolerogenic
antigen presenting cells (APCs), and induces cytokine
release that generates a more favorable environment for
adoptive T cell therapy. Indirect evidence that the im-
mune system can contribute to the clinical benefits of
high dose chemotherapy was shown with early lymphoid
recovery resulting in improved clinical outcomes in pa-
tients with myeloma, lymphoma, and acute myeloid
leukemia undergoing an autologous stem cell transplant.
Furthermore, these improved outcomes in myeloma cor-
related directly with the dose of autologous lymphocytes
infused from the apheresis product. Taken together,
these data support the hypothesis that anti-tumor immu-
nity can have clinically measurable benefits and advanc-
es the question of how to harness such immunity to aug-
ment the efficacy of currently available therapies.
[0002] The ability to eradicate measurable disease
with adoptive T cell therapy (ACT) requires T cells to be
appropriately activated and present in sufficient num-
bers, possess appreciable anti-tumor activity, home to
the tumor site, effectively kill the tumor upon encounter,
and persist over time. Stimulation of T cells with any tech-
nique including paramagnetic beads to which anti-CD3
and CD28 are bound can effectively reverse an anergic
(tolerant) state, generate activated T cells, and signifi-
cantly expand their numbers. While bead-bound anti-
CD3 and CD28 provide a straightforward and robust T
cell amplification in vitro, a major limitation of this ap-
proach is the non-specific stimulation of the entire T cell
repertoire without enrichment of tumor specific T cells.
One strategy to augment the tumor specificity of ACT is
to use a T cell population with greater endogenous tumor
specificity. Such an enrichment accounts for the consid-
erable anti-tumor activity of ACT using tumor infiltrating
lymphocytes (TILs) from metastatic melanoma. Howev-
er, TILs are present only in a subset of patients with met-
astatic melanoma, and of those, successful TIL prepa-
rations can be achieved in only 60-70% of patients with
harvestable tumor, which limits the general applicability
of such an approach. Bone marrow is the tumor micro-
environment for many hematologic malignancies such
as multiple myeloma, and thus, marrow-infiltrating lym-
phocytes (MILs) could be harnessed to generate tumor
specific T cell therapy for these specific cancers. In con-
trast to TILs, MILs are present in all patients, can be ob-
tained with a simple bed-side procedure, and can be rap-
idly expanded in all patients.

[0003] In hematologic malignancies, the bone marrow
represents not only the site of disease but also a unique
microenvironment. Even in solid tumors, evidence exists
that MILs can be enriched in memory or effector-memory
T cells. The immune component within the bone marrow
is a reservoir of antigen experienced T cells for both tumor
specific T cells in host with early stage breast cancer as
well as vaccine-primed T cells. In the bone marrow, mem-
ory CD4 cells are maintained through interactions with
IL-7 expressing stromal cells and CD8 cells are main-
tained through the persistence of antigen expression and
effective antigen presentation. As such, the heightened
tumor specificity of MILs in this setting is likely due to the
presence of tumor as a source of antigen while their per-
sistence is maintained through the unique immune inter-
actions with stromal elements, cytokines, and antigen
presenting cells capable of effective antigen presentation
in this environment.
[0004] Ex-vivo activated MILs possess several essen-
tial properties for adoptive T cell therapy. Upon activation,
they demonstrate significant tumor specificity compared
to their peripheral blood lymphocyte counterparts, and
they target a broad range of antigens present on both
the mature multiple myeloma plasma cells as well as their
clonogenic precursors and effectively kill multiple mye-
loma plasma cells. Similar to TILs, MILs have a greater
endogenous polyclonal antigenic specificity than periph-
eral lymphocytes. In contrast to TILs, MILs are present
in all patients and are obtained from a more immune re-
sponsive microenvironment. As such, MILs represent a
novel and promising tumor-specific approach to ACT for
hematologic malignancies with bone marrow involve-
ment.
[0005] Noonan et al. (Cancer Res 2005; 65: (5). March
1, 2005) reports the intrinsic tumor specificity of MILs and
describe a novel approach for the generation of tumor-
specific T-cell populations suitable for adoptive immuno-
therapy of multiple myeloma.
[0006] WO 2013/109759 A1 discloses methods and
compositions for expanding T-regulatory cells ("Treg"
cells), resulting in "conditioned Treg cells.", and methods
and compositions useful for modulating an autoimmune
reaction and for treating or ameliorating immune-related
diseases, disorders and conditions using the conditioned
Treg cells.
[0007] US 2011/0223146 A1 discloses compositions
comprising activated marrow infiltrating lymphocytes,
methods of generating populations of marrow infiltrating
lymphocytes, uses of the marrow infiltrating lymphocytes
of the invention, and a culture device for use in cell cul-
ture, for example for use in generating populations of
activated marrow infiltrating lymphocytes.
[0008] Caldwell et al. (J Immunol 2001;
167:6140-6149) discloses differential effects of physio-
logically relevant hypoxic conditions on T lymphocyte de-
velopment and effector functions.
[0009] Noonan et al (Cancer Microenvironment (2011)
4:313-323) discusses contributors of immunity in the
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bone marrow microenvironment, their interactions, and
mechanisms whereby immune modulation can be trans-
lated into therapies with anti-myeloma efficacy.
[0010] WO 2014/085437 A2 reports that marrow infil-
trating lymphocytes (MILs) from patients treated with
post-transplant cyclophosphamide (PTCy) can augment
anti-tumor immunity, and looks at the problem of disease
relapse following an allogeneic bone marrow transplant
with highly tumor specific T cells.

SUMMARY

[0011] The disclosure relates to a composition com-
prising marrow infiltrating lymphocytes ("MILs"). The
composition may comprise a population of MILs that ex-
presses CD3. For example, at least about 40% of the
cells in the composition may be MILs from the population
of MILs that expresses CD3. For example, the composi-
tion may comprise MILs, and 40% of the cells may ex-
press CD3 as determined by a flow cytometry gate; thus,
at least about 40% of the cells in the composition would
be from the population of MILs that expresses CD3. The
composition may comprise a population of MILs that ex-
presses interferon gamma ("IFNγ"). For example, at least
about 2% of the cells in the composition may be MILs
from the population of MILs that expresses IFNγ. The
composition may comprise a population of MILs that ex-
presses CXCR4. For example, at least about 98% of the
cells in the composition may be MILs from the population
of MILs that expresses CXCR4. The composition may
comprise a population of MILs that expresses CD4. The
composition may comprise a population of MILs that ex-
presses CD8. The composition may comprise a popula-
tion of MILs that expresses 4-1BB. For example, at least
about 21% of the cells in the composition may be MILs
from the population of MILs that expresses 4-1BB.
[0012] The disclosure relates to a method for activating
marrow infiltrating lymphocytes ("MILs"), comprising in-
cubating MILs in an environment comprising less than
21% oxygen.
[0013] The disclosure relates to a composition for use
in a method for treating cancer in a subject. The method
may comprise administering to the subject a composition
comprising MILs. In some disclosures herein, the method
comprises removing marrow infiltrating lymphocytes
("MILs") from the subject; and incubating the MILs in an
environment comprising less than 21% oxygen, thereby
producing activated MILs.
[0014] The invention is described in the claims.

BRIEF DESCRIPTION OF THE FIGURES

[0015]

Figure 1 depicts flow cytometry results for MILs that
were expanded under either normoxic conditions or
hypoxic conditions in media comprising interleukin
2 (+IL2) or media without interleukin 2 (No IL2).

35.09% of the gated cells grown under normoxic con-
ditions in media comprising interleukin 2 were posi-
tive for CD3. 30.98% of the gated cells grown under
normoxic conditions in media lacking interleukin 2
were positive for CD3. 89.01% of the gated cells
grown under hypoxic conditions in media comprising
interleukin 2 were positive for CD3. 89.96% of the
gated cells grown under hypoxic conditions in media
lacking interleukin 2 were positive for CD3.
Figure 2 is a chart showing the expansion of CD3+

cells for peripheral blood lymphocytes (PBLs) and
MILs grown under normoxic or hypoxic conditions.
Hypoxic conditions decreased the expansion of
CD3+ PBLs but increased the expansion of CD3+

MILs.
Figure 3 is a graph comparing the expansion of
CD3+ MILs after various time periods of incubation
in either normoxic or hypoxic environments. Sub-
stantial expansion was observed after 7 days of in-
cubation in a hypoxic environment compared to nor-
moxia, and a CD3+ expansion peaked at 11 days of
incubation.
Figure 4 is a graph depicting the tumor specificity of
MILs expanded under hypoxic or normoxic condi-
tions for either myeloma cell lines (U266/H929) or a
control cell line (SW780), for cells that were expand-
ed for either 10 days (D10) or for 12 days (D12).
Hypoxic cells were grown for 3 days in an environ-
ment comprising 2% oxygen, followed by expansion
in a normoxic environment (21% oxygen). On day
10, 4% of the cells expanded under normoxic con-
ditions were tumor specific as compared to 25.1%
of MILs expanded under hypoxic conditions as de-
termined by the percent of total T cells that were
CFSE low and producing interferon gamma (IFNγ)
in response to tumor antigen.
Figure 5 depicts flow cytometry results for tumor
specificity of MILs expanded under various condi-
tions utilizing gates for CD3 and INFγ. After seven
days of expansion, 18.26% of MILs grown under hy-
poxic conditions were positive for both CD3 and in-
terferon gamma. In contrast, only 1.72% of MILs
grown under normoxic conditions were positive for
both CD3 and interferon gamma.
Figure 6 is a graph that depicts the in vivo expansion
of lymphocytes post-autologous transplant including
in subjects receiving MILs grown under various con-
ditions. The x-axis corresponds to the number of
days post-transplant and the y-axis corresponds to
the average absolute lymphocyte count per microlit-
er for the subjects. The graph suggests that MILs
grown under hypoxic conditions continue to expand
in human subjects more than MILs grown under only
normoxic conditions.
Figure 7 depicts flow cytometry results for MILs ex-
panded under various oxygen conditions utilizing
gates for CXCR4 and either CD4 or CD8. 28.38% of
the total MILs population expanded under normoxic
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conditions were both CXCR4 positive and CD4 pos-
itive, with a mean fluorescence intensity of 3.9.
68.91% of MILs expanded under hypoxic conditions
were both CXCR4 positive and CD4 positive, with a
mean fluorescence intensity of 5.4. 8.02% of MILs
expanded under normoxic conditions were both
CXCR4 positive and CD8 positive, with a mean flu-
orescence intensity of 4.6. 11.08% of MILs expanded
under hypoxic conditions were both CXCR4 positive
and CD8 positive. These results suggest that hypox-
ia increases both the number of cells expressing
CXCR4 as well as degree of expression per cell
(MFI), which increases the likelihood of these cells
to migrate to the bone marrow upon infusion.
Figure 8 consists of three panels, labeled panels
(A), (B), and (C). Panel A depicts flow cytometry re-
sults for peripheral blood lymphocytes (PBL) and
MILs prior to cell expansion, utilizing gates for CD4,
CD8, and 4-1BB. Panel B depicts flow cytometry re-
sults for PBLs and MILs following expansion under
normoxic conditions, utilizing gates for CD4, CD8,
and 4-1BB. As shown, 4-1BB expression in PBLs
decreased in CD8 PBLs, from 11.34% to 0.34%, and
MILs CD8 showed a decrease from 15.1% to 7.54%.
Panel C depicts flow cytometry results for PBLs and
MILs following expansion under hypoxic conditions,
utilizing gates for CD4, CD8, and 4-1BB. PBLs down-
regulated 4-1BB following expansion under hypoxic
conditions (CD8 PBLs: baseline 11.34% to 0%),
whereas MILs upregulated 4-1BB following expan-
sion under hypoxic conditions (CD8 MILs: baseline
15.1% to 21.79%).
Figure 9 is a graph that shows that the growth of
MILs under hypoxic conditions increases the number
of CD3+ cells relative to growth under only normoxic
conditions.
Figure 10 shows flow cytometry results indicating
that the expansion of MILs under hypoxic conditions
results in a higher percentage of CD4+/4-1BB+ cells
than either expansion of PBLs under hypoxic condi-
tions or the expansion of MILs under normoxic con-
ditions.
Figure 11 is a graph that shows the ex vivo expan-
sion of MILs. MILs expanded under hypoxic condi-
tions resulted in a larger dose relative to MILs ex-
panded under only normoxic conditions.

DETAILED DESCRIPTION

[0016] A major objective to achieve with adoptive T cell
therapy is the ability to grow the largest number of tumor
specific T cells that will subsequently also expand in vivo
upon reinfusion and persist over time. The disclosure re-
lates to a novel approach to T cell expansion that takes
advantage of intrinsic properties of marrow infiltrating
lymphocytes ("MILs"). Specifically, MILs significantly dif-
fer from peripheral lymphocytes (PBLs). For example,
MILs are more easily expanded, upregulate activation

markers to a greater extent than PBLs, maintain more of
a skewed Vβ repertoire, traffic to the bone marrow, and
most importantly, possess significantly greater tumor
specificity. MILs anti-myeloma immunity correlates di-
rectly with clinical response; however, no in vivo T cell
expansion or persistent clinical response has previously
been observed following infusion.
[0017] Culturing MILs at an O2 level of less than 21%
oxygen, such as about 1% oxygen to about 7% oxygen
or about 1% oxygen to about 3% oxygen, e.g., 2% oxygen
(hypoxic conditions) increases both the overall expan-
sion of the cells as well as their ability to recognize tumor
cells relative to culturing in only normoxic conditions.
Thus, in some disclosures herein, the disclosure relates
to a method for the preparation of MILs for therapeutic
use comprising one or more of the following. Bone mar-
row may be collected from a patient. The collected bone
marrow may be frozen or immediately used, for example,
to create tumor specific MILs. If the bone marrow is fro-
zen, it is preferably thawed before incubation. The bone
marrow may be treated to purify MILs through methods
known to one of ordinary skill in the art. The MILs may
be activated, for example, with beads, e.g., anti-CD3/
CD28 beads. The ratio of beads to cells in the solution
may vary; in some preferred disclosures herein, the ratio
is 3 to 1. Similarly, the MILs may be expanded in the
presence of one or more antibodies, antigens, and/or cy-
tokines, e.g., in the absence of anti-CD3/ CD28 beads.
The cell count for the collected bone marrow may be
determined, for example, to adjust the amount of beads,
antibodies, antigens, and/or cytokines to be added to the
MILs. In some disclosures herein, MILs are captured us-
ing beads specifically designed to collect the cells.
[0018] The collected MILs are preferentially grown in
a hypoxic environment, e.g., for a first period of time. In
some disclosures herein, MILs may be placed in a tissue
culture bag in X-VIVO™ 15 media supplemented with
2% AB serum and 200U of IL2. It is contemplated that
other culture conditions and elements may be used as
recognized by a person of ordinary skill in the art. The
MILs may be grown in an environment of about 1% to
about 7% oxygen (hypoxia; hypoxic conditions), prefer-
ably about 1% to about 3% oxygen, such as about 2%
oxygen, for about 3 to about 20 days (i.e., a first period
of time), such as about 3 to about 10 days, such as 4
days. The hypoxic environment may be created, for ex-
ample, by adding nitrous oxide to the container in which
the cells are grown. In some disclosures herein, the hy-
poxic environment may be created by utilizing a hypo-
baric chamber. After the hypoxic growth, the MILs may
be grown in a normoxic environment, e.g., 21% oxygen.
In some preferred disclosures herein, the MILs are grown
in normoxic conditions for an additional about 3 to about
7 days (i.e., a second period of time), e.g., for a total of
about 3 to about 27 days of growth, such as about 3 to
about 10 days growth. The grown cells may then be either
administered to a patient (e.g., either the patient or an
allogenic recipient) or stored for future use.
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[0019] MILs collected from the patient’s bone marrow
and treated in accordance with a method described here-
in, namely, under hypoxic conditions for a first period of
time followed by normoxic conditions for a second period
of time, perform unexpectedly better than peripheral
blood lymphocytes (PBLs) subjected to the same proce-
dure. The enhanced abilities of the MILs, as shown be-
low, include marked expansion both in vitro and in vivo,
enhanced expression of biological markers such as
4-1BB, and increased tumor specificity.
[0020] A person of ordinary skill in the art would rec-
ognize that the procedure of the present disclosure can
be utilized to treat many different types of cancer, includ-
ing, myeloma, lung cancer, and breast cancer. As bone
marrow is a reservoir of central memory cells, tumor spe-
cific T cells from any variety of cancers have been found
in the bone marrow of patients. As disclosed herein, hy-
poxic culturing conditions increase both expansion as
well as tumor specificity, and thus, this approach may be
used to grow MILs from a wide range of cancer patients.
In some preferred disclosures herein, a patient’s MILs
are collected, expanded in hypoxic conditions for a first
period of time, e.g., for about 1 day to about 20 days, and
then expanded in normoxic conditions for a second pe-
riod of time, e.g., about 3 days to about 7 days. The cells
may then be provided to the patient for treatment or
stored for future use.
[0021] The disclosure relates to the finding that ex-
panding MILs in a hypoxic environment allows for in vivo
T cell expansion following infusion. Specifically, MILs
were grown in 2% O2 (hypoxia) for 3 days followed by a
switch to 21% O2 (normoxia), resulting in almost a 10-
fold greater tumor specificity (Figure 4). Taken together,
these data suggest that such growth conditions are ca-
pable of increasing the absolute number of tumor specific
MILs obtained from the same source relative to MILs that
a grown under only normoxic conditions.
[0022] All experiments were performed using MILs
products from patient samples. As shown in Figure 3,
expansion of a full scale clinical MILs product in hypoxic
conditions dramatically increased T cell numbers. It
should be noted that with normoxic conditions, it was
difficult to expand MILs past 7 days. In this experiment,
the day-7 expansion was 36.3 fold in normoxia versus
119 fold in hypoxia. Furthermore, the cells grown under
hypoxic conditions continued to expand up to 12 days
and reached a total 220-fold expansion at 11 days.
[0023] In addition to obtaining better expansions and
greater tumor specificity, growth conditions were opti-
mized to maximize T cell survival. Expression of 4-1BB
has been shown to be a key regulator of many of these
properties. It can regulate T cell expansion, reduce ap-
optosis, augment the cytotoxic activity of CD8 cells, and
enhance survival. Taken together, 4-1BB expression on
activated MILs may be an important regulator of height-
ened survival and tumor specificity. Thus 4-1BB expres-
sion was examined on MILs and compared to that on
PBLs grown in various conditions. As shown in Figure 8,

the baseline expression of 4-1BB was greater in MILs
than PBLs (18.2% v 8.1%). Interestingly, T cell expansion
in normoxia reduced its expression in both populations
(MILs 10.7%, PBLs 2.8%) whereas expansion in hypoxia
significantly increase 4-1BB expression in MILs (43.4%)
and completely abrogated its expression in PBLs (0%).
These data again underscore the significant differences
between PBLs and MIL also demonstrate that 4-1BB up-
regulation depends upon more factors than simply hy-
poxic growth conditions.
[0024] These culture conditions have been adopted to
a clinical trial, and hypoxic growth conditions increased
the total T cell expansion from an average of 7.9E9 to
1.8E10. Furthermore, hypoxic growth conditions also en-
abled the observation of in vivo T cell expansion (Figure
6,which depicts the total lymphocyte counts through day
60 for all patients).
[0025] The disclosure relates to a composition com-
prising marrow infiltrating lymphocytes ("MILs"). The
MILs may be activated MILs.
[0026] In preferred disclosures herein, the composition
comprises a population of MILs that expresses CD3, i.e.,
wherein each cell in the population of MILs that expresses
CD3 is a marrow infiltrating lymphocyte that expresses
CD3, e.g., as detected by flow cytometry. For example,
at least about 40% of the cells in the composition may
be MILs from the population of MILs that express CD3,
such as at least about 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 86%, 87%, 88%, or even at least about
89% of the cells in the composition. In one preferred em-
bodiment, at least about 80% of the cells in the compo-
sition may be MILs from the population of MILs that ex-
press CD3. In some disclosures herein, about 40% to
about 100% of the cells in the composition may be MILs
from the population of MILs that express CD3, such as
about 45% to about 100%, about 50% to about 100%,
about 55% to about 100%, about 60% to about 100%,
about 65% to about 100%, about 70% to about 100%,
about 75% to about 100%, about 80% to about 100%,
about 85% to about 100%, about 86% to about 100%,
about 87% to about 100%, about 88% to about 100%, or
even about 89% to about 100% of the cells in the com-
position. In some disclosures herein, the composition
comprises either a population of MILs that do not express
CD3, e.g., as detected by flow cytometry, or a population
of MILs that expresses low levels of CD3, i.e., relative to
the expression level of MILs from the population of MILs
that express CD3.
[0027] In some disclosures herein, the composition
comprises a population of MILs that expresses interferon
gamma ("IFNγ"), i.e., wherein each cell in the population
of MILs that expresses IFNγ is a marrow infiltrating lym-
phocyte that expresses IFNγ, e.g., as detected by flow
cytometry. For example, at least about 2% of the cells in
the composition may be MILs from the population of MILs
that express IFNγ, such as at least about 2%, 3%, 4%,
5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%,
16%, 17%, or even at least about 18% of the cells in the
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composition. In some disclosures herein, about 2% to
about 100% of the cells in the composition may be MILs
from the population of MILs that express IFNγ, such as
about 2% to about 100%, about 3% to about 100%, about
4% to about 100%, about 5% to about 100%, about 6%
to about 100%, about 7% to about 100%, about 8% to
about 100%, about 9% to about 100%, about 10% to
about 100%, about 11% to about 100%, about 12% to
about 100%, about 13% to about 100%, about 14% to
about 100%, about 15% to about 100%, about 16% to
about 100%, about 17% to about 100%, or even about
18% to about 100% of the cells in the composition. In
some disclosures herein, the composition comprises ei-
ther a population of MILs that do not express IFNγ, e.g.,
as detected by flow cytometry, or a population of MILs
that expresses low levels of IFNγ, i.e., relative to the ex-
pression level of MILs from the population of MILs that
express IFNγ.
[0028] In some disclosures herein, the composition
comprises a population of MILs that expresses CXCR4,
i.e., wherein each cell in the population of MILs that ex-
presses CXCR4 is a marrow infiltrating lymphocyte that
expresses CXCR4, e.g., as detected by flow cytometry.
For example, at least about 98% of the cells in the com-
position may be MILs from the population of MILs that
express CXCR4, such as at least about 98.1%, 98.2%,
98.3%, 98.4%, 98.5%, 98.6%, 98.7%, 98.8%, 98.9%,
99.0%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, or
even at least about 99.7% of the cells in the composition.
In some disclosures herein, about 98% to about 100%
of the cells in the composition may be MILs from the
population of MILs that express CXCR4, such as at least
about 98.1% to about 100%, about 98.2% to about 100%,
about 98.3% to about 100%, about 98.4% to about 100%,
about 98.5% to about 100%, about 98.6% to about 100%,
about 98.7% to about 100%, about 98.8% to about 100%,
about 98.9% to about 100%, about 99.0% to about 100%,
about 99.1% to about 100%, about 99.2% to about 100%,
about 99.3% to about 100%, about 99.4% to about 100%,
about 99.5% to about 100%, about 99.6% to about 100%,
or even about 99.7% to about 100% of the cells in the
composition. In some disclosures herein, the composi-
tion comprises either a population of MILs that do not
express CXCR4, e.g., as detected by flow cytometry, or
a population of MILs that expresses low levels of CXCR4,
i.e., relative to the expression level of MILs from the pop-
ulation of MILs that express CXCR4.
[0029] In some disclosures herein, the composition
comprises a population of MILs that expresses CD4. The
population of MILs that expresses CD4 may comprise a
plurality of MILs that expresses CXCR4.
[0030] The population of MILs that expresses CD4 may
comprise a plurality of MILs that expresses 4-1BB. For
example, at least about 21% of the cells in the composi-
tion may be MILs from the plurality of MILs that expresses
4-1BB, such as at least about 22%, 23%, 24%, 25%,
26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%,
36%, 37%, 38%, 39%, 40%, 41%, 42%, or even at least

about 43% of the cells in the composition. In some dis-
closures herein, about 21% to about 100% of the cells in
the composition may be MILs from the plurality of MILs
that expresses 4-1BB, such as about 22% to about 100%,
about 23% to about 100%, about 24% to about 100%,
about 25% to about 100%, about 26% to about 100%,
about 27% to about 100%, about 28% to about 100%,
about 29% to about 100%, about 30% to about 100%,
about 31% to about 100%, about 32% to about 100%,
about 33% to about 100%, about 34% to about 100%,
about 35% to about 100%, about 36% to about 100%,
about 37% to about 100%, about 38% to about 100%,
about 39% to about 100%, about 40% to about 100%,
about 41% to about 100%, about 42% to about 100%, or
even about 43% to about 100% of the cells in the com-
position.
[0031] The composition may comprise a population of
MILs that expresses CD8. The population of MILs that
expresses CD8 may comprise a plurality of MILs that
expresses CXCR4.
[0032] The population of MILs that expresses CD8 may
comprise a plurality of MILs that expresses 4-1BB. For
example, at least about 21% of the cells in the composi-
tion may be MILs from the plurality of MILs that expresses
4-1BB, such as at least about 8%, 9%, 10%, 11%, 12%,
13%, 14%, 15%, 16%, 17%, 18%, 19%, 20% or even at
least about 21% of the cells in the composition. In some
disclosures herein, about 2% to about 100% of the cells
in the composition may be MILs from the plurality of MILs
that expresses 4-1BB, such as about 8% to about 100%,
about 9% to about 100%, about 10% to about 100%,
about 11% to about 100%, about 12% to about 100%,
about 13% to about 100%, about 14% to about 100%,
about 15% to about 100%, about 16% to about 100%,
about 17% to about 100%, about 18% to about 100%,
about 19% to about 100%, about 20% to about 100%, or
even about 21% to about 100% of the cells in the com-
position.
[0033] In some disclosures herein, the composition
comprises a population of MILs that expresses 4-1BB.
For example, at least about 21% of the cells in the com-
position may be MILs from the population of MILs that
expresses 4-1BB, such as at least about 22%, 23%, 24%,
25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%,
35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, or even at
least about 43% of the cells in the composition. In some
disclosures herein, about 21% to 100% of the cells in the
composition may be MILs from the population of MILs
that expresses 4-1BB, such as about 22% to about 100%,
about 23% to about 100%, about 24% to about 100%,
about 25% to about 100%, about 26% to about 100%,
about 27% to about 100%, about 28% to about 100%,
about 29% to about 100%, about 30% to about 100%,
about 31% to about 100%, about 32% to about 100%,
about 33% to about 100%, about 34% to about 100%,
about 35% to about 100%, about 36% to about 100%,
about 37% to about 100%, about 38% to about 100%,
about 39% to about 100%, about 40% to about 100%,
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about 41% to about 100%, about 42% to about 100%, or
even about 43% to about 100% of the cells in the com-
position. In some disclosures herein, the composition
comprises either a population of MILs that do not express
4-1BB, e.g., as detected by flow cytometry, or a popula-
tion of MILs that expresses low levels of 4-1BB, i.e., rel-
ative to the expression level of MILs from the population
of MILs that express 4-1BB.
[0034] The disclosure relates to a composition for use
in a method for preventing or treating cancer in a subject,
comprising administering to the subject any one of the
compositions described herein. In preferred disclosures
herein, the method comprises administering to the sub-
ject a therapeutically-effective amount of any one of the
compositions described herein. In preferred disclosures
herein, the method comprises administering to the sub-
ject a therapeutically-effective amount of MILs, e.g., ac-
tivated MILs, as described herein. The subject may have
a neoplasm, such as cancer. For example, the subject
may have multiple myeloma. The subject may be a hu-
man subject.
[0035] The disclosure relates to a method for making
a composition as described herein, comprising incubat-
ing MILs in a hypoxic environment. In some aspects, the
disclosure relates to a method for activating marrow in-
filtrating lymphocytes ("MILs"), comprising incubating
MILs in a hypoxic environment.
[0036] The disclosure relates to a composition for use
in a method for treating cancer in a subject. The method
may comprise removing marrow infiltrating lymphocytes
("MILs") from the subject; incubating the MILs in a hy-
poxic environment, thereby producing activated MILs;
and administering the activated MILs to the subject.
[0037] The hypoxic environment may comprise less
than about 21% oxygen, such as less than about 20%,
19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%,
9%, 8%, 7%, 6%, 5%, 4%, or less than about 3% oxygen.
For example, the hypoxic environment may comprise
about 0% oxygen to about 20% oxygen, such as about
0% oxygen to about 19% oxygen, about 0% oxygen to
about 18% oxygen, about 0% oxygen to about 17% ox-
ygen, about 0% oxygen to about 16% oxygen, about 0%
oxygen to about 15% oxygen, about 0% oxygen to about
14% oxygen, about 0% oxygen to about 13% oxygen,
about 0% oxygen to about 12% oxygen, about 0% oxygen
to about 11% oxygen, about 0% oxygen to about 10%
oxygen, about 0% oxygen to about 9% oxygen, about
0% oxygen to about 8% oxygen, about 0% oxygen to
about 7% oxygen, about 0% oxygen to about 6% oxygen,
about 0% oxygen to about 5% oxygen, about 0% oxygen
to about 4% oxygen, or about 0% oxygen to about 3%
oxygen. In preferred disclosures herein, the hypoxic en-
vironment comprises about 1% to about 7% oxygen. The
hypoxic environment may comprise about 20%, 19%,
18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%,
8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or about 0% oxygen.
In preferred disclosures herein, the hypoxic environment
comprises about 7%, 6%, 5%, 4%, 3%, 2%, or 1% oxy-

gen.
[0038] Incubating MILs in a hypoxic environment may
comprise incubating the MILs, e.g., in tissue culture me-
dium, for at least about 1 hour, such as at least about 12
hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours,
48 hours, 60 hours, 3 days, 4 days, 5 days, 6 days, 7
days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days,
or even at least about 14 days. Incubating may comprise
incubating the MILs for about 1 hour to about 30 days,
such as about 1 day to about 20 days, about 1 day to
about 14 days, or about 1 day to about 12 days. In some
preferred disclosures herein, incubating MILs in a hypox-
ic environment comprises incubating the MILs in a hy-
poxic environment for about 2 days to about 5 days. The
method may comprise incubating MILs in a hypoxic en-
vironment for about 1 day, 2 days, 3 days, 4 days, 5 days,
6 days, 7 days, 8 day, 9 days, 10 days, 11 days, 12 days,
13 days, or 14 days. In some preferred disclosures here-
in, the method comprises incubating the MILs in a hypoxic
environment for about 3 days.
[0039] In preferred disclosures herein, the method fur-
ther comprises incubating the MILs in a normoxic envi-
ronment, e.g., after incubating the MILs in a hypoxic en-
vironment.
[0040] The normoxic environment may comprise at
least about 21% oxygen. The normoxic environment may
comprise about 5% oxygen to about 30% oxygen, such
as about 10% oxygen to about 30% oxygen, about 15%
oxygen to about 25% oxygen, about 18% oxygen to about
24% oxygen, about 19% oxygen to about 23% oxygen,
or about 20% oxygen to about 22% oxygen. In some
disclosures herein, the normoxic environment comprises
about 21% oxygen.
[0041] Incubating MILs in a normoxic environment may
comprise incubating the MILs, e.g., in tissue culture me-
dium, for at least about 1 hour, such as at least about 12
hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours,
48 hours, 60 hours, 3 days, 4 days, 5 days, 6 days, 7
days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days,
or even at least about 14 days. Incubating may comprise
incubating the MILs for about 1 hour to about 30 days,
such as about 1 day to about 20 days, about 1 day to
about 14 days, about 1 day to about 12 days, or about 2
days to about 12 days.

EXEMPLIFICATION

[0042] Example 1. Activation and expansion of T
cells in hypoxic and normoxic environments.
[0043] Bone marrow (BM) T cell numbers are deter-
mined using flow cytometry. Anti-CD3/anti-CD28 beads
are added at the pre-determined ratio (beads:CD3 cell)
in media with recombinant human cytokines at a prede-
termined concentration. Cells are plated in a plate, flask,
or bag. Hypoxic conditions are achieved by flushing ei-
ther the hypoxic chamber or cell culture bag for 3 minutes
with a 95% Nitrogen and 5% CO2 gas mixture. The re-
ceptacle is then filled with this gas mixture for 30 seconds.
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This leads to a 2% or less O2 gas in the receptacle. Cells
are cultured at 37 C for 3 or more days and the hypoxic
air is released and replaced with normoxic (21% atmos-
pheric oxygen) levels.

Example 2. Phenotypic determination of cell types

[0044] Cells are stained with flurochrome conjugated
antibodies for the desired determination. CD3, CD4,
CD8, CXCR4, 41BB, CD27, CD28, CTLA-4, PD-1,
CD45RO, CD62L, CD95, IFNg, IL17, live/dead dye,
and/or other antibodies of interest that are directly con-
jugated to flurochromes are used with appropriate iso-
type controls. Briefly, 1 x 106 cells or less are washed
with FACS buffer (1XHBSS/2%FBS/0.5% EDTA/0.5%
NaAzide) or similar wash buffer in either a plate or a tube
by spinning in a centrifuge. The wash buffer is removed
and antibodies and isotype controls are added at prede-
termined concentrations. The cells are stained between
7-30 minutes at either room temperature or at 4°C . The
cells are washed 2x with wash buffer and re-suspended
in minimal wash buffer. The cells are then run on a flow
cytometer that has been properly compensated and pre-
pared for the flurochromes that are being utilized. 10,000
or greater numbers of events are collected for each sam-
ple. Data is analyzed utilizing FACS analysis software.
Flurochrome labelled cells are compared to isotype con-
trols for back ground removal. Data is graphed as %pos-
itive - %background.

Example 3. Determination of fold expansion

[0045] Bone marrow cells are enumerated at the be-
ginning of expansion. The percentage of CD3+ cells is
determined utilizing flow cytometry. The total number of
CD3+ MILs is determined by multiplying the total number
of cells with the percentage of CD3 = total number of
CD3+ MILs in culture. On the final day of culture the cells
are harvested and counted (both manually and with an
automated cell counter). The percentage of CD3+ is de-
termined. The total number of CD3+ cells on the final day
of culture is determined by multiplying total cell number
with the percentage of CD+ = total number of CD3+ MILs
harvested. Total fold expansion = Total number of CD3+

MILs harvested on the final day of culture divided by the
total number of CD3+ MILs on the initial day of culture.

Example 4. Tumor specificity

[0046] MILs are labelled with CFSE or a similar cell
membrane integration dye according to the manufactur-
ers’ protocol. Autologous BM is pulsed with either media
alone, a negative control (unrelated protein or lysate) or
with the protein or lysate of interest. CFSE labelled cells
are then co-cultured with pulsed autologous BM for 2-7
days. Cells are harvested from the tissue culture plate or
flask and then stained with CD3 extracellularly and intra-
cellularly with IFNg. Analysis of tumor specificity is de-

termined by gating on CD3+ cells that are CFSE low (di-
vided cells) and that are producing IFNg.

Example 5. Activation and expansion of T cells in 
hypoxic and normoxic environments.

[0047] MILs were grown in 2% O2 (hypoxia) for 3 days
followed by a switch to 21% O2 (normoxia) for an addi-
tional 5 days in the presence or absence of IL-2. As shown
in Figure 9, growth in hypoxia followed by normoxia re-
sulted in almost a 10-fold increase in expansion as com-
pared to MILs grown exclusively in normoxic conditions.
Tumor specificity was also markedly enhanced as shown
on Figure 4. On day 10, 4% of CFSE-low cells were tumor
specific in normoxic conditions as opposed to 25.1% for
MILs grown in hypoxic conditions. Taken together, these
data suggest that these growth conditions are capable
of increasing the absolute number of tumor specific upon
activation.
[0048] The experiments in the preceding paragraph
were performed on a small sample. MILs product from a
patient in a first clinical study was also expanded using
this method. As shown in Figure 3, expansion of MILs in
these conditions dramatically increased T cell numbers.
Growth in normoxic conditions was seldom capable of
expanding MILs past 7 days. In this experiment, the day-
7 fold expansion was 36.3 fold in normoxic conditions as
oppose to 119 in hypoxic conditions. Furthermore, the
cells continued to expand up to 12 days and reached a
total 220-fold expansion at 11 days before beginning to
die.
[0049] Expression of 4-1BB has been shown to be a
key regulator of many of these properties. It can regulate
T cell expansion, reduce apoptosis, augment the cyto-
toxic activity of CD8 cells and enhances survival. Fur-
thermore, HIF1α regulates survival of antigen-driven T
cells. Chimeric antigen receptor (CAR) modified T cells
with the vector expressing 4-1BB have shown significant
in vivo expansion. Taken together, 4-1BB expression on
activated MILs can be an important regulator of height-
ened survival and tumor specificity. One marked advan-
tage of the method disclosed herein is that there is no
need to modify the MILs in order to achieve 4-1BB en-
hanced expression. This advantage is shown in Figure
10 where MILs or PBLs were grown in either normoxic
or hypoxic conditions. Baseline expression of 4-1BB was
evaluated in MILs and compared to PBLs. As shown,
4-1BB expression was greater in MILs than PBLs (18.2%
v 8.1%). Interestingly, T cell expansion in normoxia re-
duced its expression in both populations (MILs 10.7%,
PBLs 2.8%) whereas expansion in hypoxia significantly
increases 4-1BB expression in MILs (43.4%) and com-
pletely abrogated its expression in PBLs (0%). These
data again underscore the significant differences be-
tween PBLs and MIL also demonstrates that 4-1BB up-
regulation depends upon more factors than simply hy-
poxic growth conditions. More importantly, the unexpect-
ed upregulation of 4-1BB demonstrates that the method
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of the present disclosure makes a significant difference
in the treatment of patients using hypoxically grown MILs.
Similar results were observed with CD8 cells (Figure 8).
[0050] Figure 11 shows the results of dosing for clinical
treatment. In J0770, MILs were grown in static cultures
in normoxic conditions. J0997 - MILs were grown in the
WAVE in normoxic conditions. J1343 - MILs were grown
for 3 days in hypoxic conditions followed by normoxic
conditions. In Figure 6 the absolute lymphocyte counts
are graphed for the 3 trials post-autologous stem cell
transplant. J1343 is a randomized trial in which patients
either received hypoxic MILs or had no MILs infused post-
transplant.
[0051] As shown in Figure 11, the growth conditions
of the present method have increased total T cell expan-
sion from an average of 7.9E9 to 1.8E10. Furthermore,
it shows for the first time in vivo T cell expansion as shown
in Figure 6, which is directly related to the efficacy of the
method in treatment of patients. Depicted in the graph
are the total lymphocyte counts through day 60 for a first
set of patients.

Claims

1. A composition comprising a cell population of ex vivo
hypoxic-activated, normoxic expanded marrow infil-
trating lymphocytes, wherein about 60% to about
100% of the population of hypoxic-activated marrow
infiltrating lymphocytes express CD3 and at least
21% of the population express 4-1BB, wherein the
cell population is prepared by a process comprising
the steps of:

(a) receiving a bone marrow sample from a sub-
ject having cancer;
(b) culturing marrow infiltrating lymphocytes col-
lected from the bone marrow sample with an an-
ti-CD3 antibody and an anti-CD28 antibody in a
hypoxic environment of about 1% to about 2%
oxygen for about 2 to about 5 days to produce
hypoxic-activated marrow infiltrating lym-
phocytes; and
(c) culturing the hypoxic-activated marrow infil-
trating lymphocytes in a normoxic environment
of about 21% oxygen for about 2 to about 12
days in the presence of IL-2 to produce the com-
position.

2. A method for preparing a composition comprising a
cell population of ex vivo hypoxic-activated, normox-
ic expanded marrow infiltrating lymphocytes, where-
in about 60% to about 100% of the population of
hypoxic-activated marrow infiltrating lymphocytes
express CD3 and at least 21% of the population ex-
press 4-1 BB, wherein method comprises:

(a) culturing marrow infiltrating lymphocytes col-

lected from a bone marrow sample with an anti-
CD3 antibody and an anti-CD28 antibody in a
hypoxic environment of about 1% to about 2%
oxygen for about 2 to about 5 days to produce
hypoxic-activated marrow infiltrating lym-
phocytes; and
(b) culturing the hypoxic-activated marrow infil-
trating lymphocytes in a normoxic environment
of about 21% oxygen for about 2 to about 12
days in the presence of IL-2 to produce the com-
position.

3. A composition comprising a cell population of ex vivo
hypoxic-activated, normoxic expanded marrow infil-
trating lymphocytes, wherein about 60% to about
100% of the population of hypoxic-activated marrow
infiltrating lymphocytes express CD3 and at least
21% of the population express 4-1BB for use in treat-
ing cancer in a subject, wherein the lymphocytes are
prepared according to a method comprising the
steps of:

(a) culturing marrow infiltrating lymphocytes col-
lected from a bone marrow sample obtained
from the subject having cancer with an anti-CD3
antibody and an anti-CD28 antibody in a hypoxic
environment of about 1% to about 2% oxygen
for about 2 to about 5 days to produce hypoxic-
activated marrow infiltrating lymphocytes;
(b) culturing the hypoxic-activated marrow infil-
trating lymphocytes in a normoxic environment
of about 21% oxygen for about 2 to about 12
days in the presence of IL-2 to produce the ther-
apeutic activated marrow infiltrating lym-
phocytes; and
(c) administering the therapeutic activated mar-
row infiltrating lymphocytes to the subject having
cancer.

4. The composition for use of claim 3, wherein the can-
cer is a hematological cancer, such as multiple my-
eloma or a solid tumor, such as a lung tumor or breast
tumor.

5. The composition for use of any one of claims 3 to 4
or method of claim 2, wherein the bone marrow sam-
ple is cultured in the hypoxic environment for about
3 days.

6. The composition for use of any one of claims 3 to 5
or the method of claim 2 or claim 5, wherein the hy-
poxic-activated marrow infiltrating lymphocytes are
cultured in the normoxic environment for about 6
days.

7. The composition for use of any one of claims 3 to 6
or the method of any one of claims 2, 5 or 6, wherein
the hypoxic-activated marrow infiltrating lym-
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phocytes are cultured in a normoxic environment for
about 9 days.

8. The composition for use of any one of claims 3 to 7
or the method of any one of claims 2 or 5 to 7, further
comprising the step of removing a bone marrow sam-
ple from a subject having cancer prior to step (a).

9. The composition for use of any one of claims 3 to 8
or the method of any one of claims 2 or 5 to 8, wherein
the anti-CD3 antibody and the anti-CD28 antibody
are bound on a bead.

10. The composition of claim 1, the composition for use
of any one of claims 3 to 9 or the method of any one
of claims 2 or 5 to 9, wherein about 70% to about
100% of the population of hypoxic-activated marrow
infiltrating lymphocytes express CD3.

11. The composition of claim 1 or 10, the composition
for use of any one of claims 3 to 10 or the method
of any one of claims 2 or 5 to 10, wherein the popu-
lation of hypoxic-activated marrow infiltrating lym-
phocytes express CD4.

12. The composition of any one of claims 1, 10 or 11,
the composition for use of any one of claims 3 to 11
or the method of any one of claims 2 or 5 to 11,
wherein the population of hypoxic-activated marrow
infiltrating lymphocytes express CD8.

13. The composition of any one of claims 1 or 10 to 12,
the composition for use of any one of claims 3 to 12
or the method of any one of claims 2 or 5 to 12,
wherein about 21% to about 100% of the population
of hypoxic-activated marrow infiltrating lymphocytes
express 4-1BB.

14. The composition of any one of claims 1 or 10 to 13,
the composition for use of any one of claims 3 to 13
or the method of any one of claims 2 or 5 to 13,
wherein about 25% to about 100% of the population
of hypoxic-activated marrow infiltrating lymphocytes
express 4-1BB.

15. The composition of any one of claims 1 or 10 to 14,
the composition for use of any one of claims 3 to 14
or the method of any one of claims 2 or 5 to 14,
wherein about 35% of the population of hypoxic-ac-
tivated marrow infiltrating lymphocytes express
4-1BB.

Patentansprüche

1. Zusammensetzung, die eine Zellpopulation von ex
vivo hypoxisch-aktivierten, normoxisch erweiterten,
knochenmarkinfiltrierenden Lymphozyten umfasst,

wobei etwa 60 % bis etwa 100 % der Population von
hypoxisch-aktivierten knochenmarkinfiltrierenden
Lymphozyten CD3 exprimieren und zumindest 21 %
der Population 4-1BB exprimieren, wobei die Zell-
population durch ein Verfahren hergestellt wird, das
die folgenden Schritte umfasst:

(a) das Erhalten einer Knochenmarkprobe von
einem Individuum mit Krebs;
(b) das Kultivieren von knochenmarkinfiltrieren-
den Lymphozyten, die aus der Knochenmark-
probe entnommen wurden, mit einem Anti-CD3-
Antikörper und einem Anti-CD28-Antikörper in
einer hypoxischen Umgebung mit etwa 1 % bis
etwa 2 % Sauerstoff über etwa 2 bis etwa 5 Ta-
ge, um hypoxisch-aktivierte knochenmarkinfilt-
rierende Lymphozyten zu erzeugen; und
(c) das Kultivieren der hypoxisch-aktivierten
knochenmarkinfiltrierenden Lymphozyten in ei-
ner normoxischen Umgebung mit etwa 21 %
Sauerstoff über etwa 2 bis etwa 12 Tage in Ge-
genwart von IL-2, um die Zusammensetzung zu
erzeugen.

2. Verfahren zur Herstellung einer Zusammensetzung,
die eine Zellpopulation von ex vivo hypoxisch-akti-
vierten, normoxisch erweiterten, knochenmarkinfilt-
rierenden Lymphozyten umfasst, wobei etwa 60 %
bis etwa 100 % der Population von hypoxisch-akti-
vierten knochenmarkinfiltrierenden Lymphozyten
CD3 exprimieren und zumindest 21 % der Populati-
on 4-1BB exprimieren, wobei das Verfahren Folgen-
des umfasst:

(a) das Kultivieren von knochenmarkinfiltrieren-
den Lymphozyten, die aus einer Knochenmark-
probe entnommen wurden, mit einem Anti-CD3-
Antikörper und einem Anti-CD28-Antikörper in
einer hypoxischen Umgebung mit etwa 1 % bis
etwa 2 % Sauerstoff über etwa 2 bis etwa 5 Ta-
ge, um hypoxisch-aktivierte knochenmarkinfilt-
rierende Lymphozyten zu erzeugen; und
(b) das Kultivieren der hypoxisch-aktivierten
knochenmarkinfiltrierenden Lymphozyten in ei-
ner normoxischen Umgebung mit etwa 21 %
Sauerstoff über etwa 2 bis etwa 12 Tage in Ge-
genwart von IL-2, um die Zusammensetzung zu
erzeugen.

3. Zusammensetzung, die eine Zellpopulation von ex
vivo hypoxisch-aktivierten, normoxisch erweiterten,
knochenmarkinfiltrierenden Lymphozyten umfasst,
wobei etwa 60 % bis etwa 100 % der Population von
hypoxisch-aktivierten knochenmarkinfiltrierenden
Lymphozyten CD3 exprimieren und zumindest 21 %
der Population 4-1BB exprimieren, zur Verwendung
bei der Behandlung von Krebs bei einem Individuum,
wobei die Lymphozyten gemäß einem Verfahren
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hergestellt werden, das die folgenden Schritte um-
fasst:

(a) das Kultivieren von knochenmarkinfiltrieren-
den Lymphozyten, die aus einer Knochenmark-
probe entnommen wurden, die von dem Indivi-
duum mit Krebs erhalten wurde, mit einem Anti-
CD3-Antikörper und einem Anti-CD28-Antikör-
per in einer hypoxischen Umgebung mit etwa 1
% bis etwa 2 % Sauerstoff über etwa 2 bis etwa
5 Tage, um hypoxisch-aktivierte knochenmar-
kinfiltrierende Lymphozyten zu erzeugen; und
(b) das Kultivieren der hypoxisch-aktivierten
knochenmarkinfiltrierenden Lymphozyten in ei-
ner normoxischen Umgebung mit etwa 21 %
Sauerstoff über etwa 2 bis etwa 12 Tage in Ge-
genwart von IL-2, um die therapeutischen akti-
vierten knochenmarkinfiltrierenden Lymphozy-
ten zu erzeugen; und
(c) das Verabreichen der therapeutischen akti-
vierten knochenmarkinfiltrierenden Lymphozy-
ten an das Individuum mit Krebs.

4. Zusammensetzung zur Verwendung nach Anspruch
3, wobei der Krebs ein hämatologischer Krebs wie
ein multiples Myelom oder ein fester Tumor wie ein
Lungentumor oder ein Brusttumor ist.

5. Zusammensetzung zur Verwendung nach einem der
Ansprüche 3 bis 4 oder Verfahren nach Anspruch 2,
wobei die Knochenmarkprobe etwa 3 Tage lang in
der hypoxischen Umgebung kultiviert wird.

6. Zusammensetzung zur Verwendung nach einem der
Ansprüche 3 bis 5 oder Verfahren nach Anspruch 2
oder Anspruch 5, wobei die hypoxisch-aktivierten
knochenmarkinfiltrierenden Lymphozyten etwa 6
Tage lang in der normoxischen Umgebung kultiviert
werden.

7. Zusammensetzung zur Verwendung nach einem der
Ansprüche 3 bis 6 oder Verfahren nach einem der
Ansprüche 2, 5 oder 6, wobei die hypoxisch-aktivier-
ten knochenmarkinfiltrierenden Lymphozyten etwa
9 Tage lang in der normoxischen Umgebung kulti-
viert werden.

8. Zusammensetzung zur Verwendung nach einem der
Ansprüche 3 bis 7 oder Verfahren nach einem der
Ansprüche 2 oder 5 bis 7, das außerdem den Schritt
des Entnehmens einer Knochenmarkprobe von ei-
nem Individuum vor Schritt (a) umfasst.

9. Zusammensetzung zur Verwendung nach einem der
Ansprüche 3 bis 8 oder Verfahren nach einem der
Ansprüche 2 oder 5 bis 8, wobei der Anti-CD3-Anti-
körper und der Anti-CD28-Antikörper auf einem Kü-
gelchen gebunden sind.

10. Zusammensetzung nach Anspruch 1, Zusammen-
setzung zur Verwendung nach einem der Ansprüche
3 bis 9 oder Verfahren nach einem der Ansprüche 2
oder 5 bis 9, wobei etwa 70 % bis etwa 100 % der
Population von hypoxisch-aktivierten knochenmar-
kinfiltrierenden Lymphozyten CD3 exprimieren.

11. Zusammensetzung nach Anspruch 1 oder 10, Zu-
sammensetzung zur Verwendung nach einem der
Ansprüche 3 bis 10 oder Verfahren nach einem der
Ansprüche 2 oder 5 bis 10, wobei die Population von
hypoxisch-aktivierten knochenmarkinfiltrierenden
Lymphozyten CD4 exprimiert.

12. Zusammensetzung nach einem der Ansprüche 1, 10
oder 11, Zusammensetzung zur Verwendung nach
einem der Ansprüche 3 bis 11 oder Verfahren nach
einem der Ansprüche 2 oder 5 bis 11, wobei die Po-
pulation von hypoxisch-aktivierten knochenmarkin-
filtrierenden Lymphozyten CD8 exprimiert.

13. Zusammensetzung nach einem der Ansprüche 1
oder 10 bis 12, Zusammensetzung zur Verwendung
nach einem der Ansprüche 3 bis 12 oder Verfahren
nach einem der Ansprüche 2 oder 5 bis 12, wobei
etwa 21 % bis etwa 100 % der Population von hyp-
oxisch-aktivierten knochenmarkinfiltrierenden Lym-
phozyten 4-1BB exprimieren.

14. Zusammensetzung nach einem der Ansprüche 1
oder 10 bis 13, Zusammensetzung zur Verwendung
nach einem der Ansprüche 3 bis 13 oder Verfahren
nach einem der Ansprüche 2 oder 5 bis 13, wobei
etwa 25 % bis etwa 100 % der Population von hyp-
oxisch-aktivierten knochenmarkinfiltrierenden Lym-
phozyten 4-1BB exprimieren.

15. Zusammensetzung nach einem der Ansprüche 1
oder 10 bis 14, Zusammensetzung zur Verwendung
nach einem der Ansprüche 3 bis 14 oder Verfahren
nach einem der Ansprüche 2 oder 5 bis 14, wobei
etwa 35 % der Population von hypoxisch-aktivierten
knochenmarkinfiltrierenden Lymphozyten 4-1BB ex-
primieren.

Revendications

1. Composition comprenant une population cellulaire
de lymphocytes infiltrant la moelle osseuse ayant
été activés dans des conditions hypoxiques et ayant
subi une expansion dans des conditions normoxi-
ques ex vivo, dans laquelle environ 60 % à environ
100 % de la population de lymphocytes infiltrant la
moelle osseuse activés dans des conditions hypoxi-
ques exprime CD3 et au moins 21 % de la population
exprime 4-1BB, dans laquelle la population cellulaire
est préparée par un procédé comprenant les étapes
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consistant à :

(a) recevoir un échantillon de moelle osseuse
d’un sujet atteint d’un cancer ;
(b) mettre en culture des lymphocytes infiltrant
la moelle osseuse collectés à partir de l’échan-
tillon de moelle osseuse avec un anticorps anti-
CD3 et un anticorps anti-CD28 dans un environ-
nement hypoxique d’environ 1 % à environ 2 %
d’oxygène pendant environ 2 à environ 5 jours
afin de produire des lymphocytes infiltrant la
moelle osseuse activés dans des conditions
hypoxiques ; et
(c) mettre en culture les lymphocytes infiltrant la
moelle osseuse activés dans des conditions hy-
poxiques dans un environnement normoxique
d’environ 21 % d’oxygène pendant environ 2 à
environ 12 jours en présence d’IL-2 afin de pro-
duire la composition.

2. Procédé de préparation d’une composition compre-
nant une population cellulaire de lymphocytes infil-
trant la moelle osseuse ayant été activés dans des
conditions hypoxiques et ayant subi une expansion
dans des conditions normoxiques ex vivo, dans la-
quelle environ 60 % à environ 100 % de la population
de lymphocytes infiltrant la moelle osseuse activés
dans des conditions hypoxiques exprime CD3 et au
moins 21 % de la population exprime 4-1BB, où le
procédé comprend :

(a) la mise en culture de lymphocytes infiltrant
la moelle osseuse collectés à partir d’un échan-
tillon de moelle osseuse avec un anticorps anti-
CD3 et un anticorps anti-CD28 dans un environ-
nement hypoxique d’environ 1 % à environ 2 %
d’oxygène pendant environ 2 à environ 5 jours
afin de produire des lymphocytes infiltrant la
moelle osseuse activés dans des conditions
hypoxiques ; et
(b) la mise en culture des lymphocytes infiltrant
la moelle osseuse activés dans des conditions
hypoxiques dans un environnement normoxi-
que d’environ 21 % d’oxygène pendant environ
2 à environ 12 jours en présence d’IL-2 afin de
produire la composition.

3. Composition comprenant une population cellulaire
de lymphocytes infiltrant la moelle osseuse ayant
été activés dans des conditions hypoxiques et ayant
subi une expansion dans des conditions normoxi-
ques ex vivo, dans laquelle environ 60 % à environ
100 % de la population de lymphocytes infiltrant la
moelle osseuse activés dans des conditions hypoxi-
ques exprime CD3 et au moins 21 % de la population
exprime 4-1BB, pour une utilisation dans le traite-
ment du cancer chez un sujet, dans laquelle les lym-
phocytes sont préparés selon un procédé compre-

nant les étapes consistant à :

(a) mettre en culture des lymphocytes infiltrant
la moelle osseuse collectés à partir d’un échan-
tillon de moelle osseuse obtenu chez le sujet
atteint d’un cancer avec un anticorps anti-CD3
et un anticorps anti-CD28 dans un environne-
ment hypoxique d’environ 1 % à environ 2 %
d’oxygène pendant environ 2 à environ 5 jours
afin de produire des lymphocytes infiltrant la
moelle osseuse activés dans des conditions
hypoxiques ;
(b) mettre en culture les lymphocytes infiltrant
la moelle osseuse activés dans des conditions
hypoxiques dans un environnement normoxi-
que d’environ 21 % d’oxygène pendant environ
2 à environ 12 jours en présence d’IL-2 afin de
produire les lymphocytes infiltrant la moelle os-
seuse activés thérapeutiques ; et
(c) administrer les lymphocytes infiltrant la moel-
le osseuse activés thérapeutiques au sujet at-
teint d’un cancer.

4. Composition destinée à être utilisée selon la reven-
dication 3, dans laquelle le cancer est un cancer hé-
matologique, tel qu’un myélome multiple, ou une tu-
meur solide, telle qu’une tumeur pulmonaire ou une
tumeur mammaire.

5. Composition destinée à être utilisée selon l’une quel-
conque des revendications 3 à 4 ou procédé selon
la revendication 2, où l’échantillon de moelle osseu-
se est mis en culture dans l’environnement hypoxi-
que pendant environ 3 jours.

6. Composition destinée à être utilisée selon l’une quel-
conque des revendications 3 à 5 ou procédé selon
la revendication 2 ou la revendication 5, où les lym-
phocytes infiltrant la moelle osseuse activés dans
des conditions hypoxiques sont mis en culture dans
l’environnement normoxique pendant environ 6
jours.

7. Composition destinée à être utilisée selon l’une quel-
conque des revendications 3 à 6 ou procédé selon
l’une quelconque des revendications 2, 5 ou 6, où
les lymphocytes infiltrant la moelle osseuse activés
dans des conditions hypoxiques sont mis en culture
dans l’environnement normoxique pendant environ
9 jours.

8. Composition destinée à être utilisée selon l’une quel-
conque des revendications 3 à 7 ou procédé selon
l’une quelconque des revendications 2 ou 5 à 7, com-
prenant en outre l’étape consistant à prélever un
échantillon de moelle osseuse d’un sujet atteint d’un
cancer avant l’étape (a).
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9. Composition destinée à être utilisée selon l’une quel-
conque des revendications 3 à 8 ou procédé selon
l’une quelconque des revendications 2 ou 5 à 8, où
l’anticorps anti-CD3 et l’anticorps anti-CD28 sont liés
sur une bille.

10. Composition selon la revendication 1, composition
destinée à être utilisée selon l’une quelconque des
revendications 3 à 9 ou procédé selon l’une quel-
conque des revendications 2 ou 5 à 9, où environ 70
% à environ 100 % de la population de lymphocytes
infiltrant la moelle osseuse activés dans des condi-
tions hypoxiques exprime CD3.

11. Composition selon la revendication 1 ou 10, compo-
sition destinée à être utilisée selon l’une quelconque
des revendications 3 à 10 ou procédé selon l’une
quelconque des revendications 2 ou 5 à 10, où la
population de lymphocytes infiltrant la moelle osseu-
se activés dans des conditions hypoxiques exprime
CD4.

12. Composition selon l’une quelconque des revendica-
tions 1, 10 ou 11, composition destinée à être utilisée
selon l’une quelconque des revendications 3 à 11
ou procédé selon l’une quelconque des revendica-
tions 2 ou 5 à 11, où la population de lymphocytes
infiltrant la moelle osseuse activés dans des condi-
tions hypoxiques exprime CD8.

13. Composition selon l’une quelconque des revendica-
tions 1 ou 10 à 12, composition destinée à être uti-
lisée selon l’une quelconque des revendications 3 à
12 ou procédé selon l’une quelconque des revendi-
cations 2 ou 5 à 12, où environ 21 % à environ 100
% de la population de lymphocytes infiltrant la moelle
osseuse activés dans des conditions hypoxiques ex-
prime 4-1BB.

14. Composition selon l’une quelconque des revendica-
tions 1 ou 10 à 13, composition destinée à être uti-
lisée selon l’une quelconque des revendications 3 à
13 ou procédé selon l’une quelconque des revendi-
cations 2 ou 5 à 13, où environ 25 % à environ 100
% de la population de lymphocytes infiltrant la moelle
osseuse activés dans des conditions hypoxiques ex-
prime 4-1BB.

15. Composition selon l’une quelconque des revendica-
tions 1 ou 10 à 14, composition destinée à être uti-
lisée selon l’une quelconque des revendications 3 à
14 ou procédé selon l’une quelconque des revendi-
cations 2 ou 5 à 14, où environ 35 % de la population
de lymphocytes infiltrant la moelle osseuse activés
dans des conditions hypoxiques exprime 4-1BB.
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